Compared to the enormous species diversity of bats, relatively few parvoviruses have been reported. We detected diverse and potentially novel parvoviruses from bats in Hong Kong and mainland China. Parvoviruses belonging to Amdoparvovirus, Bocaparvovirus and Dependoparvovirus were detected in alimentary, liver and spleen samples from 16 different chiropteran species of five families by PCR. Phylogenetic analysis of partial helicase sequences showed that they potentially belonged to 25 bocaparvovirus, three dependoparvovirus and one amdoparvovirus species. Nearly complete genome sequencing confirmed the existence of at least four novel bat bocaparvovirus species (Rp-BtBoV1 and Rp-BtBoV2 from Rhinolophus pusillus, Rs-BtBoV2 from Rhinolophus sinicus and Rol-BtBoV1 from Rousettus leschenaultii) and two novel bat dependoparvovirus species (Rp-BtAAV1 from Rhinolophus pusillus and Rs-BtAAV1 from Rhinolophus sinicus). Rs-BtBoV2 was closely related to Ungulate bocaparvovirus 5 with 93, 72.1 and 78.7 % amino acid identities in the NS1, NP1 and VP1/VP2 genes, respectively. The detection of bat bocaparvoviruses, including Rs-BtBoV2, closely related to porcine bocaparvoviruses, suggests recent interspecies transmission of bocaparvoviruses between bats and swine. Moreover, Rp-BtAAV1 and Rs-BtAAV1 were most closely related to human AAV1 with 48.7 and 57.5 % amino acid identities in the rep gene. The phylogenetic relationship between BtAAVs and other mammalian AAVs suggests bats as the ancestral origin of mammalian AAVs. Furthermore, parvoviruses of the same species were detected from multiple bat species or families, supporting the ability of bat parvoviruses to cross species barriers. The results extend our knowledge on the diversity of bat parvoviruses and the role of bats in parvovirus evolution and emergence in humans and animals.
INTRODUCTION
Parvoviruses are small, non-enveloped, single-stranded DNA (ssDNA) viruses that belong to the family Parvoviridae. They are known to cause a variety of diseases in animals and are classified into two subfamilies based on their host range: Parvovirinae which infect vertebrates and Densovirinae which infect insects and other arthropods. The subfamily Parvovirinae currently consists of eight genera: Amdoparvovirus, Aveparvovirus, Bocaparvovirus, Copiparvovirus, Dependoparvovirus, Erythroparvovirus, Protoparvovirus and Tetraparvovirus [1] . The genomes of parvoviruses possess a conserved non-structural and a structural coding region, open-reading frame 1 (ORF1) and ORF2, respectively. Members of some genera may possess additional open-reading frames, such as ORF3 in Bocaparvovirus genomes. Recent advances in molecular and sequencing technologies have resulted in the discovery of numerous novel parvoviruses and the enormous expansion of parvovirus taxonomy [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , which has contributed to a clearer picture of the diversity and evolution of parvoviruses.
Bats are increasingly recognized to be an important reservoir for emerging viruses. The most notable examples include coronaviruses, responsible for the severe acute respiratory syndrome (SARS coronavirus), and the more recent Middle East respiratory syndrome (MERS coronavirus), filoviruses (Marburg virus and Ebola virus), paramyxoviruses (Hendra virus and Nipah virus) and rhabdoviruses (rabies virus). In contrast to the enormous species diversity of these flying mammals, relatively few parvoviruses have been reported from bats. We previously described a novel bat bocaparvovirus, BtBoV (including Rs-BtBoV, HpBtBoV and Ms-BtBoV from Rhinolophus sinicus, Hipposideros pomona and Miniopterus schreibersii, respectively), under the proposed species 'Chiropteran bocaparvovirus 1' among bats in China [10] . The virus demonstrated a propensity to infect lactating female bats of Rhinolophus sinicus, and the detection in different bat species suggested interspecies transmission. During our previous studies, we also noticed potentially novel parvoviruses other than BtBoV from bats in China. We therefore hypothesized that diverse unrecognized BoVs in bats may have played a role in the evolution of parvoviruses. In this study, we investigated the presence of parvoviruses among different bat species in Hong Kong and mainland China. The results extend the current knowledge on the diversity of bat parvoviruses, with the detection of 29 different parvoviruses from various bat species, including novel examples from three bat genera. Moreover, potential interspecies transmission between bats and swine, and between bats and humans, suggests that bats may play an important role in the evolution and emergence of parvoviruses in mammals.
RESULTS

Detection of diverse parvoviruses in bat samples
Samples tested for parvoviruses were collected from bats captured in Hong Kong and six provinces of mainland China (Fig. 1) . PCR using consensus primers targeted to a 170 nt fragment of helicase-coding gene was positive for parvoviruses in 193 alimentary samples, 19 liver tissue samples and one spleen tissue sample from bats of 16 different species belonging to five chiropteran families ( Table 1) . None of the respiratory or kidney samples tested positive for parvoviruses using consensus primers. The 213 partial helicase sequences possessed 65.4-100 % nucleotide (nt) identity to the corresponding sequences of known parvoviruses belonging to the genera Bocaparvovirus and Dependoparvovirus, suggesting the presence of potentially novel parvovirus species. In addition to the 213 sequences, two potentially novel species of parvovirus were detected in two bat samples during genome sequencing. These were most closely related to members of the genera Amdoparvovirus and Bocaparvovirus. The nt identities to the closest known parvovirus species, sample type and geographical location of the various detected parvoviruses are summarized in Table 2 .
Partial helicase sequence analysis of bat bocaparvoviruses and nearly complete genome analysis of Rp-BtBoV1, RpBtBoV2, Rs-BtBoV2 and Rol-BtBoV1 Two hundred and ten of the 213 partial helicase sequences displayed the highest identity to members of the genus Bocaparvovirus. Phylogenetic analysis showed that these sequences potentially belong to 24 bat bocaparvovirus (BtBoV) species among 16 different bat species (Fig. 2) . Twenty sequences displayed 84.8-100 % nt identity to likelihood; Mg-BuV, Megabat bufavirus; mv, microlitre; mM, micromolar; MERS, Middle East respiratory syndromem; mM, millimolar; Mf-BtBoV, Miniopterus fuliginosus bat bocavirus; Mp-BtBoV, Miniopterus pusillus bat bocavirus; Ms-BtBoV, Miniopterus schreibersii bat bocavirus; MBoV, mink bocavirus; MVM, Minute virus of mice; MDPV, Muscovy duck parvovirus; Ma-BtBoV, Myotis altarium bat bocavirus; Mc-BtBoV, Myotis chinensis bat bocavirus; Mm-BtBoV, Myotis myotis bat bocavirus; Mr-BtAAV, Myotis ricketti bat adeno-associated virus; Mr-BtBoV, Myotis ricketti bat bocavirus; NS1, Non-structural protein ORF; NP1, Nucleoprotein ORF; NTP, nucleoside triphosphate; Nn-BtBoV, Nyctalus noctula bat bocavirus; OvHokV, Ovine hokovirus; PmoHD1, Penaeus monodon hepandensovirus 1; PtmPV, Pig-tailed macaque parvovirus; PBoV, Porcine bocavirus; PCnV, Porcine Cnvirus; PHokV, Porcine hokovirus; PPV, Porcine parvovirus; Rd-AMDV, Raccoon dog amdovirus; RBoVrat, bocavirus; RPV, Rat parvovirus; RhmPV, Rhesus macaque parvovirus; Ra-BtBoV, Rhinolophus altarium bat bocavirus; Rf-BtBoV, Rhinolophus ferrumequinum bat bocavirus; Rl-BtAMDV, Rhinolophus lepidus bat amdovirus; Rl-BtBoV, Rhinolophus luctus bat bocavirus;Rp-BtAAV, Rhinolophus pusillus bat adeno-associated virus; Rp-BtAMDV, Rhinolophus pusillus bat amdovirus; Rp-BtBoV, Rhinolophus pusillus bat bocavirus; Rs-BtAAV, Rhinolophus sinicus bat adeno-associated virus; RsBtBoV, Rhinolophus sinicus bat bocavirus; Rol-BtBoV, Rousettus leschenaultii bat bocavirus; Sk-BtBoV, Scotophilus kuhli bat bocavirus; SARS, Severe acute respiratory syndrome; SiAAV, Simian adeno-associated virus; SiPV, Simian parvovirus; SnPV, Snake parvovirus; TuPV, Turkey parvovirus; VP1/ VP2, Viral particle ORF.
†These authors contributed equally to this work. One supplementary table and two supplementary figures are available with the online version of this article. previously reported BtBoVs, suggesting that they belonged to known parvovirus species, Mf-BtBoV1 (six sequences) [16] , Mm-BtBoV1 (two sequences) [17] , Rf-BtBoV1 (one sequence) [18] and Rs-BtBoV (11 sequences) [10] , which were also previously detected in bats from China. Furthermore, 10 sequences clustered together with Ungulate bocaparvovirus 5 and related viruses from swine [19] [20] [21] [22] with 83.2 to 92.8 % nt identity, suggesting the presence of novel BtBoVs closely related to porcine BoVs. The remaining 180 sequences displayed 84.8 % nt identity to known BoVs, suggesting that they may represent potentially novel BtBoV species.
To characterize these potentially novel BtBoVs, nearly complete genomes of four different potentially novel species were sequenced using two samples from Rhinolophus pusillus (Rp-BtBoV1 and Rp-BtBoV2), one from R. sinicus (Rs-BtBoV2) and one from Rousettus leschenaultii (RolBtBoV1). Rp-BtBoV1 and Rp-BtBoV2 were selected for genome sequencing because R. pusillus bats were found to harbour the highest diversity of parvoviruses in this study and no genome sequences from these parvoviruses were available. Rol-BtBoV1 was selected because it represents the first parvovirus genome from a fruit bat, while Rs-BtBoV2 was selected because it showed unusually high sequence identity to porcine parvoviruses. They all possessed the three major ORFs characteristic of BoVs, NS1, NP1 and VP1/VP2, and similar conserved motifs in the NS1 and VP1u regions (Table 3 ). For the YUxxYx2-3K motif in NS1, Rp-BtBoV1, Rp-BtBoV2 and Rs-BtBoV2 possessed YfiF substitution at the first Tyr residue in the conserved nickase site, which was also observed in several BoVs of carnivores, primates and ungulates. The pairwise amino acid (aa) identities of the three ORFs to known BoVs are shown in Table S1 (available in the online version of this article). The phylogenetic tree constructed using the coding regions of the novel BoVs and known BoVs is shown in Fig. 3 .
Rhinolophus pusillus bat bocavirus 1 (Rp-BtBoV1) was detected from an alimentary sample of R. pusillus from the Mojiang district of Yunnan Province. The 4880 nt nearly complete genome of Rp-BtBoV1 strain 48C_YN-1_MJ_2012 includes a coding region of 4637 nts from the NS1 start codon to the VP1 stop codon and G+C content of 59.58 %. The NS1, NP1 and VP1/VP2 ORFs were of 1875, 600 and 2046 nts, respectively. The NS1 of RpBtBoV1 was most closely related to CBoV1 [9] , with 47.2 % aa identity, the NP1 was most closely related to RfBtBoV1 [18] , with 59.2 %, while VP1/VP2 was most closely related to Rs-BtBoV [10] , with 71 % aa identity. The results *Some potentially novel parvoviruses were detected from multiple species in the same family of bats. Therefore, the total number of potentially novel parvoviruses detected from a single family is the sum of potentially novel parvoviruses from individual species in a family. Rhinolophus pusillus bat bocavirus 2 (Rp-BtBoV2) was also detected from an alimentary sample of R. pusillus from the Al, alimentary; Li, liver; Sp, spleen; HKG, Hong Kong; HN, Hainan; GD, Guangdong; SX, Shanxi; YN, Yunnan.
*Genome sequence available in NCBI database. †Genome sequence determined in this study. ‡Potentially novel bat parvoviruses detected during genome sequencing of other bat parvoviruses. Fig. 2 . Phylogenetic analysis of partial NS1 nucleotide fragment of BoVs. The tree was constructed using a 130 nt NS1 nucleotide fragment of BtBoVs detected in this study (bold typeface) and BoVs with nearly complete genomes available. Classified BoVs are indicated by their italicized species name. The maximum likelihood statistical method under best evolutionary model (K2+G) was used to construct the phylogeny. Tree topology was tested using bootstrap values calculated from 1000 replicates. Virus names: As-BtBoV, Aselliscus stoliczkanus bat bocavirus; B19V, human B19 virus; CBoV/CnBoV, canine bocavirus; CslBoV, California sea lion bocavirus; FBoV, feline bocavirus; GBoV, gorilla bocavirus; HBoV, human bocavirus; Hl-BtBoV, Hipposideros larvatus bat bocavirus; Ii-BtBoV, Ia io bat bocavirus; LBoV, leporine bocavirus; Ma-BtBoV, Myotis altarium bat bocavirus; Mc-BtBoV, Myotis chinensis bat bocavirus; Mf-BtBoV, Miniopterus fuliginosus bat bocavirus; Mm-BtBoV, Myotis myotis bocavirus; Mp-BtBoV, Miniopterus pusillus bat bocavirus; Mr-BtBoV, Myotis ricketti bat bocavirus; Ms-BtBoV, Miniopterus schreibersii bat bocavirus; Nn-BtBoV, Nyctalus noctula bat bocavirus; PBoV, porcine bocavirus; RBoV, rat bocavirus; Ra-BtBoV, Rhinolophus altarium bat bocavirus; Rf-BtBoV, Rhinolophus ferrumequinum bat bocavirus; RlBtBoV, Rhinolophus luctus bat bocavirus; Rol-BtBoV, Rousettus leschenaultii bat bocavirus; Rp-BtBoV, Rhinolophus pusillus bat bocavirus; Rs-BtBoV, Rhinolophus sinicus bat bocavirus; Sk-BtBoV, Scotophilus kuhli bat bocavirus. Partial NS1 gene analysis of Rs-BtBoV5 Rs-BtBoV5 was detected during genome sequencing of RsBtBoV2 from the same alimentary sample of an R. sinicus bat, using consensus primers targeting a 1250 nt fragment of the NS1 gene, which yielded a sequence-sharing nt identity of 92.6 % with PBoV1 of Ungulate bocaparvovirus 2 [24] . A further extension of the NS1 sequence yielded an assembled 1694 nt sequence with 89.1 % nt identity to PBoV1 (Fig. 4a) .
Partial helicase sequence analysis of bat dependoparvoviruses and nearly complete genome analysis of Rp-BtAAV1 and Rs-BtAAV1 Three partial helicase sequences shared the highest nucleotide identity with members of the genus Dependoparvovirus.
Phylogenetic analysis showed that they were most closely related to a previously reported BtAAV from a Myotis ricketti bat, Mr-BtAAV1 [25] , but with only 67.7-79.7 % nt identity, suggesting that they may represent potentially novel BtAAV species. And, together with Mr-BtAAV1, they formed a distinct cluster being closely related to human AAVs belonging to the species Adeno-associated virus A and B (Fig. S1 ).
To characterize the novel BtAAVs, two nearly complete genome sequences were determined using one sample each from R. pusillus (Rp-BtAAV1) and R. sinicus (Rs-BtAAV1). They both possessed the two major ORFs characteristic of AAVs, rep and cap, analogous to NS1 and VP1/VP2 ORFs of other parvoviruses. Similar conserved motifs of the NS1 and VP1u regions were also present in rep and cap ORFs (Table 3) . For the YUxxYx2-3K motif in NS1, Rp-BtAAV1 possessed the YfiF substitution at the first Tyr residue in the conserved nickase site. The pairwise aa identities of the two ORFs to known AAVs are shown in Table S1 . The phylogenetic tree constructed using the coding regions of the novel AAVs and known parvoviruses is shown in Fig. 5 . The two novel AAVs, together with another bat AAV, MrBtAAV1, formed a distinct cluster among all AAVs. Moreover, they formed a deep branch at the root of other known mammalian AAVs, including human AAVs with a high bootstrap value of 92. This suggests that bat AAVs are a potential origin of mammalian AAVs.
Rhinolophus pusillus bat adeno-associated virus 1 (RpBtAAV1) was detected from an alimentary sample of R. pusillus from the Mojiang district of Yunnan Province. The 4253 nt nearly complete genome of Rp-BtAAV1 strain Rhinolophus sinicus bat adeno-associated virus 1 (RsBtAAV1) was detected from one alimentary sample of R. sinicus from Hong Kong. The 4332 nt nearly complete genome of Rs-BtAAV1 strain 82A_HKG_TLC01_2011 includes a coding region of 4180 nt and G+C content of 54.51 %. The rep and cap were of 1965 and 2125 nt, respectively. While the rep of Rs-BtAAV1 was most closely related to that of human AAV1 [26] , with 57.5 % aa identity, the cap was most closely related to that of Mr-BtAAV1 [25] , with 67.8 % aa identity. The findings support that RsBtAAV1 belongs to a novel BtAAV species.
Partial capsid sequence analysis of a bat amdoparvovirus, Rp-BtAMDV1 Rhinolophus pusillus bat amdoparvovirus (Rp-BtAMDV1) was detected during genome sequencing of Rp-BtBoV2 from the same alimentary sample of an R. pusillus bat, using consensus primers targeted to the VP1/VP2 gene. The 753 nt VP1/VP2 fragment showed highest nt identity to members of the genus Amdoparvovirus, with 68 % nt identity to the species Carnivore amdoparvovirus 1 and 77 % nt identity to a partial sequence detected from a Rhinolophus lepidus bat in China (Fig. 4b ) [27] .
DISCUSSION
The present study extends our knowledge on the diversity of parvoviruses among bats. Previous studies have reported the detection of parvoviruses in bats belonging to the genera Bocaparvovirus, Dependoparvovirus, Protoparvovirus and Tetraparvovirus, with genome sequences available [4, 16, 17, 25, 28] (Fig. S2) . Moreover, a partial sequence of a potential amdoparvovirus was also previously detected in bats [27] . Two other parvoviruses detected from Artibeus jamaicensis and Desmodus rotundus bats, respectively, did not group together with any of the eight vertebrate parvovirus genera [4, 29] . In this study, viruses belonging to 29 different potential parvovirus species, based on partial helicase sequences, were detected in various bats in China. Moreover, potentially novel parvoviruses were detected in three different genera, Amdoparvovirus, Bocaparvovirus and Dependoparvovirus. Nearly complete genome sequences determined from the four BtBoVs and two BtAAVs supported that they each represent a novel parvovirus species with an intriguing phylogenetic relationship with known parvoviruses. A novel parvovirus species is defined according to the International Committee on Taxonomy of Viruses (ICTV) criteria for parvovirus species demarcation, including the possession of an NS1 gene with <85 % nucleotide identity to existing parvoviruses. Together with previous studies, bats are known to harbour parvoviruses potentially belonging to at least five of the eight genera. Interestingly, different parvoviruses were found to be present in the same bat samples in this study, suggesting coinfection of a single host. Further studies should continue to investigate novel parvoviruses in bats, which will help us understand the role of bats in the evolution of parvoviruses.
Our results support the fact that bats are an important reservoir of diverse BoVs. According to the phylogenetic tree constructed using available genomes from known BoV species, the genus Bocaparvovirus can be classified into three lineages, designated here as 'lineage 1', 'lineage 2' and 'lineage 3' (Fig. 3) . While all three BoV lineages consist of BtBoVs from bats, all four novel BtBoVs detected in this study belong to 'lineage 1', which consists of Ungulate bocaparvovirus 1, 2 and 5 and a recently reported leporine BoV [30] . Rp-BtBoV1 and Rp-BtBoV2 were most closely related to BtBoVs belonging to the proposed species 'Chiropteran bocaparvovirus 1', also detected in bats in China [10] . On the other hand, Rs-BtBoV2 was most closely related to PBoVs belonging to Ungulate bocaparvovirus 5, while RolBtBoV1 was most closely related to PBoVs belonging to Ungulate bocaparvovirus 2. Two other available BtBoV genomes, Mf-BtBoV1 and As-BtBoV1, from Miniopterus fuliginosus and Aselliscus stoliczkanus bats, respectively [16, 31] were most closely related to carnivore BoVs belonging to 'lineage 2'. A previously reported BtBoV genome from the bat M. myotis [17] was most closely related to human BoVs belonging to 'lineage 3'. While there may yet be undiscovered BoVs that are even closer to BoVs from primates, the deep branch at the root of Primate bocaparvovirus 1 and 2 suggests that bats may have been the ancestral origin of BoVs that affect humans. The diversity of BtBoVs, as wide as BoVs from all other animal hosts combined, suggests that bats are the ultimate gene source of most BoVs, a situation analogous to coronaviruses [32] [33] [34] [35] [36] . This is in line with the increasing recognition of bats as a reservoir of diverse virus families, although this may be partly due to the more intensive studies conducted on bats in recent years.
The finding of BtBoVs as being closely related to porcine BoVs suggested a relatively recent interspecies transmission of BoVs between bats and swine. Rs-BtBoV2 was most closely related to members of the species Ungulate bocaparvovirus 5, which were detected from swine populations from various regions including Hong Kong, mainland China, Ireland, Sweden and the United States [19] [20] [21] [22] . Although the NS1 of Rs-BtBoV2 shared 93 % aa identity to that of PBoV4-1, which met the ICTV cut-off of >85 % for classification under Ungulate bocaparvovirus 5, NP1 and VP1/VP2 shared only 72 and 79 % identity with the respective ORFs of PBoV4-1. This suggests that these viruses, especially their capsid proteins, may have evolved to adapt to new hosts after interspecies transmission between bats and swine. Nevertheless, since Rs-BtBoV2 was detected from a very distant host taxon from swine, the virus should represent a novel BoV species instead of Ungulate bocaparvovirus 5. Similar to Rs-BtBoV2, Rs-BtBoV5 was also most closely related to members of a different ungulate parvovirus, Ungulate bocaparvovirus 2, based on partial NS1 analysis. Viruses belonging to Ungulate bocaparvovirus 2 have been detected from swine around the world, including China, Korea, Cameroon, Kenya, Romania and the USA [21, [36] [37] [38] [39] [40] . Given the close genetic relatedness between BtBoVs and PBoVs, it is likely that multiple interspecies transmission events have occurred between bats and ungulates such as swine. However, further studies are required to determine whether the transmissions were swine-to-bat, bat-to-swine or from a third source; and whether recombination events may have played a role during interspecies transmission.
The phylogenetic relationship between BtAAVs and other mammalian AAVs suggests that bats are the origin of mammalian AAVs. The two novel BtAAVs detected in the present study, Rs-BtAAV1 and Rp-BtAAV1, and the previously reported Mr-BtAAV1, appeared to form an ancestral branch for all known mammalian AAVs, including Adenoassociated virus A and Adeno-associated virus B, which consist of all known human AAVs, following phylogenetic analysis. Furthermore, it is interesting to note that the rep genes of the novel BtAAVs shared the highest aa identity with human AAV1. These findings suggest bats as the ancestral origin of human AAVs. On the other hand, avian and reptilian AAVs were only distantly related to mammalian AAVs, supporting a separate evolutionary path for non-mammalian AAVs. This is analogous to the evolution of coronaviruses, where bats are the origin for alphacoronaviruses and betacoronaviruses, and birds are the origin for gammacoronaviruses and deltacoronaviruses [41, 42] .
Discovery of more AAVs from bats and other mammals will help better delineate the evolutionary origin and pathway of mammalian AAVs.
The present results further support the potential of parvoviruses in crossing the species barrier and infecting new hosts. We have previously described interspecies transmission of BoVs between different bat species [10] . In this study, a total of six bat parvoviruses, four potentially novel and two known, were detected from multiple bat species. Of the six parvoviruses, three were detected from two bat species belonging to different chiropteran families: Mm-BtBoV1 from Hipposideridae and Vespertilionidae, Rl-BtBoV1 from Hipposideridae and Rhinolophidae, and Sk-BtBoV1 from Rhinolophidae and Vespertilionidae. Mf-BtBoV1 was detected from bats of four different species belonging to two chiropteran families, Miniopteridae and Vespertilionidae. Rs-BtBoV2 was detected from bats of four different species belonging to two chiropteran families, Miniopteridae and Rhinolophidae. Ii-BtBoV1 was detected from two species of bats of the same family, Vespertilionidae. This suggests that many bat parvoviruses have the ready capability o crossing the species barrier. The ability of pathogens to cross the species barrier is a hallmark for emerging infectious agents of zoonotic diseases. As an example, severe acute respiratory syndrome coronavirus (SARS-CoV) originated from recombination between ancestral viruses from different species of horseshoe bats, before jumping to the palm civet and then humans [32-34, 41, 43, 44] . The potential of bat parvoviruses for emergence in other animals and humans remains to be determined.
METHODS
Collection of bat samples
Respiratory and alimentary samples from 5377 bats of 40 different species were collected from Hong Kong and six provinces of China: Guangdong, Guangxi, Hainan, Shanxi Yunnan and Zhejiang, over a 9-year period (December 2005 to August 2014; Fig. 1 ), using procedures described previously [10, 33, 45] . In addition, various organs, including intestine, kidney, liver, lung and spleen, from 986, 21, 672, 986 and 45 bats, respectively, were collected for viral detection and preparation of primary bat cell lines. To prevent cross-contamination, specimens were collected using disposable swabs with protective gloves changed between samples. All specimens were immediately placed in viral transport medium before transportation to the laboratory for RNA extraction.
Detection of parvoviruses DNA was extracted using QIAamp DNA Mini Kit, EZ1 Virus Mini Kit v2.0 and EZ1 instruments, or QIAsymphony SP DNA Preparation System (QIAgen, Hilden, Germany). DNA was subject to PCR for parvoviruses, using forward primer 5¢-AATCCCTGGCARGTBGGNCA-3¢ and reverse primer 5¢-TAGTTCTTGTTGWGRTGRTT-3¢ targeting a 170 nt fragment of the non-structural protein 1 (NS1) gene, designed by multiple alignments of the nucleotide sequences of NS1 regions of known parvoviruses using strategies described previously [9, 19, 46] . The PCR mixture (25 µl) contained DNA, PCR buffer (10 mM Tris-HCl pH 8.3, 50 mM KCl, 2 mM MgCl 2 and 0.01 % gelatin) and 200 µM each of dNTPs and 0.625 U Taq polymerase (Applied Biosystems, Foster City, CA). The mixtures were subjected to an initial denaturing step at 95 C, followed by 50 cycles of 94 C for 1 min, 50 C for 1 min and 72 C for 1 min, and a final extension at 72 C for 10 min in an automated thermal cycler (Applied Biosystems, Foster City, CA). Standard precautions were taken to avoid PCR contamination, and no false-positives were observed in negative controls. PCR products were gel-purified using the QIAquick gel extraction kit (QIAgen, Hilden, Germany). Both strands of the PCR products were sequenced with an ABI Prism 3700 DNA Analyzer (Applied Biosystems, Foster City, CA), using the PCR primers. The sequences of the PCR products were compared to known sequences of NS1 regions of parvoviruses in the GenBank database.
Genome sequencing and analysis
Nearly complete genome sequences were determined for six of the detected potentially novel species of parvoviruses from six bats of three species (Three samples from R. pusillus, two samples from R. sinicus and one from R. leschenaultii), using the strategy described in our previous publications [8-10, 13, 19] . DNA directly extracted from the specimens was used as template and amplified by degenerate primers designed by multiple alignment of the genomes of related parvoviruses. Additional primers covering the original degenerate primer sites were designed from the results of the first and subsequent rounds of sequencing. Primer sequences are available on request. Partial terminal sequences were amplified by a modified protocol for rapid amplification of cDNA ends (RACE) [19, 47] . PCR products were gel purified by QIAquick Gel Extraction kit before sequencing with an ABI Prism 3700 DNA Analyzer (Applied Biosystems, Foster City, CA). Obtained genomic sequences were assembled and manually edited to produce final sequences of the viral genome. All assembled sequences were confirmed by independent PCR using specific primers across overlapping regions to ensure accuracy of the assembled sequences. The nucleotide sequences of the genomes and the predicted ORFs were compared to those of other parvoviruses. Nucleotide and aa identity was calculated for different ORFs or the full genome using MatGAT [48] . Potential splice sites in the genome were located using NetGene2 version 2.4, available online at http://www.cbs. dtu.dk/services/NetGene2/ [49, 50] . A maximum likelihood (ML) phylogenetic tree for full-length CDS was constructed under the best evolutionary model (GTR+G+I) using MEGA version 7.0. Genus-specific phylogenetic trees incorporating nucleotide sequences of all positively identified strains were constructed using a partial helicase-coding DNA fragment under the best evolutionary model (K2+G+I) [51] . Bootstrap values were estimated by using 1000 replicates on the ML substitution model. Protein domain and family analysis was performed using the MOTIF search algorithm provided online by Kyoto Encyclopedia of Genes and Genomes at http://www.genome.jp, and by comparing hits with PRO-SITE Profile, NCBI-CDD or Pfam databases. Other conserved DNA and aa motifs were identified by multiple sequence alignment and comparison to the available literature.
Nucleotide sequence accession numbers
The nucleotide sequences of the parvovirus genomes have been lodged within the GenBank sequence database under accession no. MF682922 to MF682927.
